The study was designed to determine whether products of fermentation in corn silage could limit its voluntary intake. Six rumen-cannuluted Hereford steers were assigned randomly to diets of corn silage (CS) and dried corn forage reconstituted either with water (DC + W) or with extracts from corn silage (DC +'CSE) according to a crossover design with three experimental periods. During each period, steers were fed ad libitum for 18 days and then restricted to 65 g DM/kg BW "Ts for another 13 days. During the restricted feeding period, measures of rumen fe .rmentation were made, and mean retention time (MRT) of tureen digesta was estimated after a single injection of the liquid and solid phase markers, s 1 Cr-EDTA and 103Ru-Phenanthroline complex (103 Ru-P), yielded rate constants (hr -1) of .039 + .0030, .055 -+ .0028, and .057 + .0030 when steers were fed CS, DC + W and DC + CSE, respectively.
Introduction
Several studies have shown that voluntary intake of dry matter (DM) is lower for hay crop silage than it is for hay made from the same herbage, an effect which has been ascribed to inhibitory products of silage fermentation (Harris et al., 1966; Clancy et al., 1977; Barry et al., 1978) , as well as to the low true protein to energy ratio of silage compared with that of hay (Waldo et al., 1965) . However, the limited respectively. Daily voluntary intake of DM number of experiments dealing with the effect (g/kg BW" s) for diet DC + W (80.2) was not of ensiling on voluntary intake of corn forage different (P>.05) from that for CS (89.7) but haveproduced variable results. was significantly lower than that for DC + CSE (93.5). The corresponding estimates of MRT were 16.1, 14.1 and 17.4 hr (SEM -+ .5) for SlCr-EDTA and 23.2, 23.9 and 24.3 hr (SEM + .7) for l~ Measurements of osmolality, pH and VFA concentrations in rumen fluid were not related to daily DM intake. A study of rate of DM digestion, conducted by the tureen bag technique with samples of freeze-dried corn silage residue obtained after liquid extraction, (1965) reported a 28% reduction in voluntary intake by cattle fed corn silage as opposed to green corn forage, while in a similar study, Wilkinson et al. (1976) found only a 4% reduction. Wilkinson et al. (1976) claimed that reductions in intake of ensiled compared to frozen corn could be attributed in part to the content of lactic and acetic acids in the silage, but addition of these acids to sorghum silage (Send and Owen, 1966) or to green corn forage (Dinius et al., 1968) did not depress DM or caloric intake by heifers. In studies with sheep, Bergen et al. (1974) found no significant effect of ensiling on voluntary intake of corn forage.
This study was designed to determine the effect of ensiling on intake of corn forage and to determine whether an extract from fermented silage could limit intake. Campling (1966) suggested that ensiling impairs the rate of passage or rumen digesta. Therefore, retention time of rumen digesta and rate of rumen digestion were also determined.
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Material and Methods
Animals and Diets. Six Hereford steers (average initial weight 300 kg) were fitted with rumen cannulas and allowed to recover from surgery for 3 months before the experiments began. Steers were kept in individual stanchions in a room maintained at 22 C and fed daily in equal portions at 0900 and 1700 hours. Water was available ad libitum. Each steers was injected IM at the beginning of the study and then 60 days later with 2 ml of a vitamin mixture to provide 1 million IU vitamin A~, 150,000 IU vitamin D3 and 100 IU vitamin E.
Whole plant corn was harvested at a theoretical chop length of 1.2 cm, and portions of the crop were either dried to 90% DM in a gasheated crop drier at 50 C for 3 days or ensiled in a concrete tower silo (7.3 m x 19.8 m). After at least 90 days of ensiling, liquid was extracted from the corn silage with a screw press (Protessors). The extract was stored at 5 C for up to 7 days to allow sedimentation of particulate matter and then used for diet preparation. Dietary treatments were corn silage (CS), dried corn forage (DC) reconstituted with water (De + W) and DC reconstituted with the corn silage extract (DC + CSE). Diets of dried corn were reconstituted to approximately the same DM content as that of CS and then stored at 5 C for 24 hr before feeding. All diets were supplemented at feeding time with urea (1.5% of diet DM) and trace minerals.
Exp. I. This experiment was arranged as a crossover design in which two steers were assigned randomly to each diet in each of three experimental periods. Each period consisted of 18 days of ad libitum feeding for determination of voluntary intake and 13 days of restricted feeding for measurement of rumen fermentation and estimation of retention time of tureen digesta. During the ad libitum feeding period, the steers were fed in amounts designed to ensure 10% feed refusal. Any uneaten feed was weighed daily for an estimation of voluntary intake. Samples of each diet were taken daily at feeding time and stored at 5 C. At the end of each week, feed samples were composited and stored at -10 C for subsequent chemical analysis.
s E. H. Bentall Co. Ltd., Maldon, Essex, England. 6 New England Nuclear, Boston. 7Amersharn Corporation, Arlington Heights, IL 8Model 1185, Nuclear Chicago, Chicago, IL Rumen fermentation and retention time of rumen digesta ~,ere estimated while steers were fed at a level of 65 g DM/kg BW "75 . After the steers were adapted to restricted feeding for 5 days, samples of rumen fluid were obtained on 2 consecutive days from different sites within the rumen. Rumen fluid (80 ml) was withdrawn before the morning feeding and then at intervals for 7.5 hr afterward. The pH was determined immediately with a glass electrode and the samples were placed in an ice bath. The rumen fluid was then fdtered through four layers of cheesecloth and centrifuged at 2,000 • g for 15 minutes. Aliquots of supernatant were taken for determination of osmolality, and the remainder of the sample was stored at -10 C for further analysis.
Mean retention time (MRT) of markers in the rumen was estimated during the last 5 days of each 31-day experimental period. The liquid and particulate phases of rumen digesta were marked with the S lCr complex of ethylenediaminetetraacetic acid (s 1 Cr-EDTA) (Dowries and McDonald, 1964) and 103Ru_labeled tris-(1,10-phenanthroline) ruthenium (II)chloride (l~ (Tan et al., 1971) . The SICr-EDTA 6 (600 /a Ci) and 103Ru-p7 (75 /a Ci)
were mixed in 200 ml distilled water and injected into the rumen of each steer 30 rain after the morning feeding. Samples of both the liquid and solid phases of rumen digesta were taken from different sites within the rumen at frequent intervals for up to 98 hr after injection of the markers.
To assay s 1 Cr activity, we strained composite samples of rumen digesta through four layers of cheesecloth and centrifuged them at 20,000 • g for 15 minutes. Aliquots (3 ml) of the supernatant were then transferred to counting tubes. For counting 103Ru activity, digesta samples were freeze-dried and ground through a 20-mesh screen in a Wiley mill. Subsamples were transferred into tared glass tubes to a constant depth of 2.5 cm (equivalent to 3 ml liquid) and weighed before being counted. Both nuclides were counted in an automatic gamma scintillation spectrometer s . All radioactive counts were adjusted for background, nuclide interference and radioactive decay that occurred during counting. An aqueous solution of each marker was prepared as a standard for the calculation of radioactive decay and nuclide interference. To determine rate of elimination of marker from the rumen, linear regression analyses were performed on natural logarithms CORN SILAGE INTAKE AND RUMEN FUNCTION 1005; of the adjusted counts against time after injection. The MRT was then calculated as the reciprocal of the absolute value of the rate constant (kl) (Grovum and Phillips, 1973) .
Exp. 2. Rates of digestion of DM were
determined by the rumen bag technique with incubation intervals of 3, 6, 12, 24, 36 and 72 hours. Each interval was studied on 2 consecutive days, with one bag suspended in the rumen of each of the six steers used in Exp. 1. Steers were reassigned randomly to each of the three diets used in Exp. 1 and fed ad libitum, as previously described, for 14 days before the incubations commenced. The rumen bags measured 9 cm x 17 cm and were made of Acropore 9 filter fabric with a pore size of 5 micrometers. The bags had curved corners, and the seams were double-stitched with nylon thread.
Corn silage residue (CSR), obtained after the silage was subjected to the screw press, was freeze-dried and ground through a 2.5-ram screen. Five-gram samples of CSR were transferred into the rumen bags, which were then suspended in the rumen 15 min after the morning feeding. Bags were withdrawn at the specified intervals and washed under running water until the water was clear. The bags were oven-dried at 95 C to constant weight so that the disappearance of DM could be calculated. The fraction of potentially digestible DM (DDM) remaining at each interval was calculated, with the extent of DM disppearance at 72 hr used as the maximum amount of DDM. The first-order kinetic model was then applied to the data (Smith et al., 1971) .
Analytical Methods. Frozen feed samples were minced through a 5-ram die for chemical analyses. DM was determined by toluene distillation (Dewar and McDonald, 1961) , and total nitrogen (N) was determined on the wet samples by the macro-Kjeldahl procedure, AOAC (1975) . For further analyses, except those for volatile fatty acids (VFA), the samples were extracted with .1N HC1 for 2 days at 5 C and then centrifuged at 2,000 • g for 10 minutes. Lactic acid was determined on an aliquot of the supernatant by the method of Barker and Summerson (1941) . Alpha amino N was determined on aliquots of the supernatant by the ninhydrin-9 Gelman Instrument, Ann Arbor, MI. ~~ Instruments Inc., Needham Heights, MA.
CO2 method (Hamilton and Van Slyke, 1943) as outlined by Buchanan-Smith and Yao (1978) , and peptide-N as alpha amino-N on an acid hydrolysate (6N HC1; 110 C for 12 hr) of the supernatant after deproteinization with sulfosalicylic acid. Total nonprotein N (NPN) was determined on the protein-free supernatant, which was neutralized with .1N NaOH prior to acid digestion. Ammonia N was then determined and expressed as total NPN. Ammonia N was determined by the Berthelot color reaction with sodium phenolate and sodium nitroprusside (Novozamsky et al., 1974) . Acid detergent insoluble nitrogen (ADIN) (Goering and Van Soest, 1970) , ash and energy (AOAC, 1975) were determined on feed samples that were dried in a forced-air oven at 40 C for 48 hours. Osmolality was measured by freezing point depression with an osmometer 1~ For VFA analysis, feed samples were extracted with methanol and analyzed by gas-liquid chromatography, with n-valeric acid used as an internal standard.
Data on voluntary intake and rumen retention time were subjected to analyses of variance for crossover design (John, 1971) , and differences among treatment means were assessed by Tukey's W-procedure (Steel and Torrie, 1960) . Measures of rumen fermentation were analyzed according to a split-plot design. For Exp. 2, separate linear regression analyses were performed for each diet with the natural logarithms of DDM remaining at each incubation rime. Homogeneity of regression coefficients were assessed by the t-test (Steel and Torrie, 1960) . Concentrations of total VFA in rumen fluid generally increased after feeding, with maximum values occurring within 2.5 hr (figure 1).
Results

Exp. 1. Composition of diets is presented in
Highest concentrations were observed in animals fed CS. The rate of increase in VFA concentrations was also most rapid with CS. With DC + W, levels of VFA declined immediately after feeding but increased thereafter to prefeeding concentrations and remained constant for up to 7.5 hours. The pH of tureen fluid (figure 1) generally decreased for approximately 3 hr after feeding, but with DC + W, there was an inital increase in pH before the postprandial decline. The minimum pH value obtained after feeding was 6.4, with the CS diet.
Ruminal osmolality increased to maximum a'bMeans in the same row bearing dissimilar superscripts are different (P<.05).
CCS --corn silage.
dDC + W = dried corn forage reconstituted with water.
eDC + CSE = dried corn forage reconstituted with corn silage extract.
fStandard error of mean. values at .5 hr after feeding, with the highest value, 323 mOsmol/kg, observed with the CS diet (figure 2). The rate of increase in ruminal osmolality was rapid with both CS and DC + CSE, but by 2.5 hr after feeding, ruminal osmolality had declined to prefeeding values. Initial concentrations of ammonia N in rumen fluid ranged from 3 to 5 mg/100,ml and then increased rapidly to 17 to 21 mg/100 ml within 1.5 hr of feeding (figure 2). The rates of increase in ammonia N were similar for CS and CS + CSE and faster than that for DC + W. The interactions of time x treatment were significant for all measures of rumen fermentation.
Exp. 2. The disappearance of DM from the rumen bags is shown in figure 3 . The rate constant (hr -1 ) derived with the diet of CS was .039 -+ .0030; that was significantly lower than those derived with DC + W (.055 + .0028) and DC + SE (.057 -+ .0030), which were not different (P>.05) from each other. There was a time lag of approximately 3 hr before any digestion occurred with the reconstituted diets, but no time lag was evident when the steers were fed the CS diet. (1976) and Noller et al. (1965) , present data show no significant difference in voluntary intake by cattle fed ensiled and unensiled com. Our results agree with those of Bergen et al. (1974) for sheep. Malterre (1976) suggested that age of animal as well as DM content of silage can modify intake response. Although animals used in the present experiment were older than those used by Wilkinson et al. (1976) and perhaps less sensitive to silage acids (Harris et al., 1966) , the addition of acetic acid to silage diets of mature as well as growing sheep did not adversely affect daily voluntary intake (Hutchinson and Wilkins, 1971 ; Deswysen et al., 1978) .
The DM content of corn silage used in our study was only two percentage units lower than that reported by Wilkinson et al. (1976) and thus seems an unlikely explanation for our failure to demonstrate a reduction in the intake of corn silage. Wilkinson et al. (1976) suggested that lactic and acetic acids may be partly responsible for low intake of corn silage. Clearly, organic ac;ds were not limiting intake of ensiled corn in this study, because acid content of the CS diet was higher than that of DC+W.
Despite the higher NPN content of CS than (1978) reported an inverse relationship between intake of alfalfa silage and silage content of "y-amino butyric acid. Amine content of silages was not determined in this study, thus, further work is needed to ascertain its significance in relation to corn silage intake.
The significant increase in intake of DC + CSE over that of DC + W, however, is difficult to explain, but the difference in N content of the two diets was probably not the reason. In the present study, urea was added to the corn diets at 1.5% of DM to ensure that total crude protein was in excess of the level shown to inhibit voluntary intake of corn silage (Thomas et al., 1975; Andrieu and Demarquilly, 1974) .
The absence of any adverse effect of ensiling on retention time of Z~ indicates that ensiling does not impair rate passage of digesta from the rumen. This finding is consitent with results of Waldo et al. (1965) for legume silage but conflicts with observations by Campling (1966) for grass silage. The lower rate of tureen digestion with corn silage than with dried corn was not reflected in intake or rate of passage responses. This apparent absence of relationship between rate of rumen digestion and forage intake was also reported by Campling (1966) for cows fed hay crop silage. Bergen et al. (1974) found reduced rates of cellulose digestion in vitro when N was supplied by the NPN from corn silage, and the researchers suggested that an insufficiency of rumen ammonia may limit rumen microbial digestion with corn silage diets. It seems unlikely that the low rate of digestion obtained with CS was due to insufficient rumen ammonia, since the mean concentration observed with CS was actually higher than that with DC + W, which supported a greater rate of digestion. It appears that other factors are involved in the reduced rate of tureen digestion with corn silage. Ternouth (1967) suggested that hypertonicity of tureen fluid may limit intake of silage diets. Ruminal osmolality did not appear to be
